ALIGNANT gliomas account for 50% to 65% of primary intracranial tumors.5 Most are supratentorial and are found in a number of anatomical structures, including the thalamus. Malignant gliomas of the thalamic region constitute only approximately 1% to 5% of all intracranial tumors, and relatively few series have been reported. 2, 4, 6, 8, 39, 47 Most thalamic tumors are astrocytic, and most are histologically malignant.43,49 Traditionally, they have been treated with external radiation therapy (RT), with or without previous tissue diagnosis, usually followed by adjuvant chemotherapy. Survival times are short, ranging from a mean of approximately 55 and 21 weeks for Grade 3 and Grade 4 astrocytomas, respectively, after stereotactic biopsy and RT32 to approximately 57 to 62 weeks after more extensive resection and RT.6, 32 In this retrospective study, we reviewed the results of treatment in 57 patients with infiltrative astrocytomas of the thalamus, including a number of patients treated with hyperfractionated RT; some of these patients were included in a previous report.44 We also attempted to identify possible prognostic factors, if any, by Cox multivariate regression analysis.
Clinical Review
The charts were reviewed to determine sex, age at diagnosis, Karnofsky Performance Scale (KPS) score, presenting symptoms and signs, and side and extension of the thalamic mass. The surgical procedure, including shunt placement, was determined from the operative report or from the charts. Also assessed were the type, extent, and dose of RT, type of chemotherapy, time to tumor progression, treatment for tumor progression, and complications of treatment.
Treatment With Radiation Therapy
All patients received conventional or hyperfractionated RT, usually postoperatively. The hyperfractionated RT protocol was similar to that used for brainstem tumors. 16, 44 Briefly, megavoltage radiation (4 to 18 MV) was given in fractions of 100 cGy twice daily (5 days/week) to the midplane of opposed lateral fields encompassing the tumor and a 1-to 2-cm margin, based on the tumor volume transferred from computerized tomography (CT) scan or magnetic resonance (MR) image to the simulation film. Chemotherapy (most often nitrosourea based) was given adjuvantly or at the time of tumor progression.
Follow-Up Review
The response to treatment was assessed by neurological examination and neuroimaging studies performed 2 to 8 weeks after completion of RT and every 6 to 12 weeks thereafter. Any decrease in tumor size on imaging studies was considered a response. Stable disease was defined as no significant change in tumor size, provided the patient was neurologically stable and receiving a fixed or decreasing dose of steroids. Tumor progression was defined as any tumor enlargement on neuroimaging studies. Assessment of tumor progression was also based on neurological findings. In patients with radiographic (areas of new enhancement or increase in tumor size) and neurological deterioration, tumor progression was thought to have occurred. However, increased intensity of contrast enhancement without increased mass effect on CT scans, or increased abnormal signal intensity on T 2 -weighted MR images only, was considered to be radiation induced, regardless of the neurological findings. Tumor progression was considered to be local if tumor enlargement was seen within 2 cm of the primary site; distant tumor progression was defined as appearance of tumor more than 2 cm beyond the primary site.
Data Analysis
Time to tumor progression (documented by CT scans or MR images or by histological examination of tissue obtained at reoperation) and survival time (Kaplan-Meier method 31 ) were measured from the first operation or from the time of diagnosis based on imaging studies. Prognostic factors were evaluated by univariate and multivariate Cox proportional-hazards models.*
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Results
Clinical Characteristics
Fifty-seven patients met the entry criteria. The clinical characteristics are summarized in Table 2 . There were 30 males and 27 females, with a median age of 22 years at diagnosis; 24 were under 18 years of age. The median KPS score was 90%. A representative tumor is shown in Fig. 1 .
The presenting symptoms and signs are summarized in Table 3 . The most common symptoms were those related to increased intracranial pressure (60%). The most frequent sign was hemiparesis/hemiplegia (53%).
Histopathological Findings
A histopathological diagnosis was obtained in 41 patients. Fourteen patients had astrocytomas, 25 had anaplastic astrocytomas, and two had glioblastomas multiforme. Tissue diagnosis was not available for 16 patients at the start of treatment (no operation in 14, surgical specimen insufficient for diagnosis in two). Glioblastoma multiforme was diagnosed at autopsy in three patients.
At reoperation, performed 11 times in nine patients, malignant transformation was a possibility in one case in which the first stereotactic biopsy showed an anaplastic astrocytoma and the second, 2 months later, showed glioblastoma multiforme.
Initial Treatment
The initial treatment is summarized in Table 4 . Fortythree patients underwent a surgical procedure. A cerebrospinal fluid shunt was placed in 33 patients. In two patients, an Ommaya reservoir was placed in the cystic portion of the tumor. Fifty-five patients received RT, and two received chemotherapy only.
Assessment of Treatment Failure
At the first follow-up examination after completion of RT, 26 of the 57 patients had deteriorated; in two of the 26 patients, information on imaging studies was not available. In 12 of the remaining 24 patients, neuroimaging studies showed increased abnormalities and the neurological examination showed deterioration; the imaging changes were considered to be radiation induced in one patient and due to tumor progression in 11. In 12 patients, the clinical and radiological findings did not correspond: six patients had clinical deterioration without corresponding changes on CT scans or MR images and six had increased neuroimaging abnormalities without signs of clinical deterioration. In seven of these 12 patients, the neuroimaging findings proved correct (either tumor progression or radiation changes), as shown by the clinical course. In five patients, the interpretation of imaging studies proved incorrect (false-negative); radiation-induced changes were suspected and treatment with corticosteroids was started or intensified, but further progression was documented, both clinically and radiologically, at the next follow-up visit.
Radiographic Location of Initial Tumor Progression
Computerized tomography scans or MR images showed first tumor progression (or radiation-induced changes) in 48 patients (Table 5 ). The tumor progression was local in 39 (89%) of the 44 patients who could be evaluated, and nonlocal in five (11%).
Fourteen patients had 23 episodes of tumor progression after the first one; all but one were local. One was accompanied by leptomeningeal-subependymal spread. Leptomeningeal-subependymal dissemination occurred in four patients (8%) after a mean interval of 39 weeks (range 19 to 79 weeks). Nine patients (21%) have shown no signs of tumor progression on clinical neurological examination or imaging studies.
Treatment for Tumor Progression
The first episode of tumor progression was not treated in 18 of 48 patients. The remaining 30 patients received surgery, RT, chemotherapy, or combinations thereof. Two patients had their first operation (stereotactic biopsy) after the initial treatment (chemotherapy) failed. Of 14 patients who had a second recurrence, seven received no further therapy and seven received chemotherapy. Chemotherapy at recurrence is summarized in Table 6 . Eleven reoperations (three stereotactic biopsies, one stereotactic biopsy with implantation of 125 I, one biopsy with cyst aspiration, four subtotal resections, one attempted subtotal resection, one laminectomy) were performed in nine patients.
Complications of Treatment
Operative morbidity after initial surgery was seen in three (7%) of the 44 patients who could be evaluated: one had new hemiparesis after a subtotal resection; one had increase of a preoperative hemiparesis after open biopsy, and one had an unspecified decrease in performance status after a stereotactic biopsy. Reoperation in two patients (both subtotal resections) led to decreased performance status in one patient; in the other, perioperative cerebral edema resulted in coma and death. This was the only operative death.
One patient treated with hyperfractionated RT had a 75% hearing loss on the left side after 27 months. No other events could be related unequivocally to RT. Two patients who received chemotherapy developed severe, prolonged bone marrow suppression: one also had sepsis from a urinary tract infection. One patient had vincristine-induced neurotoxicity after the third cycle of chemotherapy.
Serious behavioral and memory disturbances were found in four patients; two also had endocrinological abnormalities (diabetes insipidus and deficiencies of thy-roid, growth, and adrenocorticotropic hormones). It could not be ascertained whether these phenomena were related to the tumor or the treatment.
Time to Tumor Progression and Survival
The median time to tumor progression in all 57 patients was 47 weeks (range 3 to 388 weeks) and the median survival was 73 weeks (range 11 to 502 weeks) (Fig. 2) . Eleven patients (19%) are still alive at a median of 267 weeks (range 95 to 388 weeks); nine were 18 years of age or younger at diagnosis. Forty-six patients (81%) have died after a median interval of 59 weeks (range 11 to 502 weeks). Actuarial 1-, 2-, 3-, and 5-year survival rates were 67% (95% confidence interval (CI), 53% to 77%), 35% (95% CI, 23% to 47%), 24% (95% CI, 14% to 36%), and 20% (95% CI, 10% to 31%), respectively.
The influence of age, histopathological diagnosis, extent of surgery, and type of adjuvant treatment on time to tumor progression and on survival is shown in Table 7 and Figs. 3 and 4. Univariate analysis showed that both tumor progression and survival were significantly influenced by age, histopathological diagnosis, and extent of surgery. Multivariate analysis showed that the extent of resection was the most important prognostic factor, both for tumor progression and for survival.
Because of their small numbers, glioblastoma multiforme, subtotal resection, and leptomeningeal-subependymal dissemination were not included in the statistical analysis. The mean time to tumor progression in the five patients with glioblastoma multiforme was 37.8 weeks, and the mean survival time was 102.2 weeks. Three of six patients who had subtotal resection (two anaplastic astrocytoma, one astrocytoma) had tumor progression after 12, 40, and 54 weeks, respectively, and survival times of 22, 56, and 59 weeks, respectively; the other three (two with anaplastic astrocytoma and one with glioblastoma multiforme) have not had tumor progression after subtotal resection and are alive after 95, 288, and 303 weeks, respectively. Finally, the mean survival from initial diagnosis in the five patients with leptomeningeal-subependymal dissemination was 52 weeks (range 27 to 83 weeks).
Discussion
Epidemiological and Clinical Characteristics
The incidence of thalamic tumors is difficult to ascertain. In many series, these lesions are collectively called "central" or "nonlobar" tumors and are grouped with tumors of other deep-seated regions, such as the corpus callosum, hypothalamus, midbrain, pons, medulla oblongata, or even cerebellum. 17, 21, 22, [24] [25] [26] [27] The incidence of "pure" thalamic lesions in various institutional series is approximately 1% to 5%. 2, 4, 8, 39, 47 A preponderance of children and adolescents has been reported by several authors, 4, 8, 30, 39, 45, 47 and thalamic tumors may account for up to 10% of pediatric brain tumors. 51 Twenty-four (42%) of our patients were younger than 18 years old.
The presenting signs and symptoms in our series ( 13 is rarely seen in patients with thalamic tumors: only two of our patients (3.5%) had spontaneous painful sensation in the arm or leg contralateral to the lesion.
Tumor-Related Characteristics
Tumor histology was a significant prognostic factor for both tumor progression and survival in a univariate Cox proportional-hazard analysis in our study (Table 7 and Fig. 3 ). Older reports on thalamic tumors either do not attempt to correlate duration of survival with degree of anaplasia in gliomas 2, 8, 47 or do not have sufficient data to do so. 21, [24] [25] [26] [27] 39 In some recent reports, in which surgical specimens were more often available for histopathological examination, the survival rates for patients with malignant lesions were fairly similar to ours. In one series of 60 patients with thalamic tumors, mean survival was 1.1 years in 20 patients with malignant thalamic neoplasms (13 malignant astrocytomas and five glioblastoma multiforme, but also two primitive neuroectodermal tumors; Kernohan classification 33 ) after either no surgery (diagnosis at autopsy), biopsy, or resection, and followed by RT in 18 of these patients (two received no further therapy after biopsy); the mean survival of 19 patients with histologically unverified tumors was 6.9 to 8.7 years. 6 In contrast, mean survival among our 16 patients with histologically unverified tumors was only 84 weeks. However, all of our patients had CT or MR imaging, which would reduce the likelihood of misdiagnosing nonneoplastic lesions as tumors. 44 In a recent series of 72 patients with histologically verified thalamic tumors, mean survival times were 91, 54.4, and 21.4 weeks after stereotactic biopsy for patients with Kernohan Grade 2, 3, or 4 astrocytomas, respectively, and 62 weeks after stereotactic resection for patients with Grade 4 astrocytomas. 32 Tumor progression was local in the majority of our patients, as in other studies of malignant gliomas. 9 Eight of 44 patients (18%; excluding those with leptomeningeal-subependymal spread) had distant tumor progression documented by CT scan or MR images. This high percentage may be explained by our selected population and probably also by the use of MR images. Five patients (11%) had stable disease at the primary site, but had distant tumor progression or leptomeningeal-subependymal dissemination. In contrast to a previous report, 48 no relationship was found between leptomeningeal-subependymal dissemination and younger age at presentation or longer survival in our series.
Therapeutic Considerations
Surgery. The surgical approach to thalamic tumors has evolved from initiation of RT without prior tissue diagnosis 8, 30, 39, 47 to open biopsy or partial resection 1, 6 and, more recently, CT-guided stereotactic biopsy. 4, 19 The latest approach to the resection of thalamic tumors is based on computer-assisted stereotactic open microsurgical technique 32, 38 or computer-and robot-assisted techniques. 15 These techniques have been applied to both low-grade (including juvenile pilocytic and some fibrillary astrocytomas) and high-grade gliomas. They may hold promise for the former group of slow-growing, discrete tumors, but longer follow-up periods will be needed to assess the benefits of extensive resections. 15, 32 For patients with high-grade gliomas, however, there seems little to be gained from these techniques. Kelly 32 reported on seven patients with Grade 4 astrocytomas who were deteriorating neurologically at the time of surgery; three improved postoperatively, one stabilized, and three continued to deteriorate. The mean duration of survival after subsequent conventional RT for these seven patients was 62 weeks. Although this was significantly longer than for patients with Grade 4 astrocytomas undergoing stereotactic biopsy and RT (21.4 weeks), the operative morbidity was also substantially higher (43% vs. 0%). Operative morbidity in our series (7% in 43 patients who initially underwent surgery and 9% in nine patients who underwent 11 reoperations) seems acceptable. Operative mortality was also low (0% for initial operation, 9% for reoperation). Owing to the small numbers, no clear relationship between type of surgery and either morbidity or mortality can be established; however, three of 11 subtotal resections (six as initial treatment, five for recurrence) led to complications or death.
In our multivariate analysis, open biopsy was associated with a longer time to tumor progression and longer survival. However, because our study was retrospective, there may have been selection bias favoring certain types of surgery or no surgery at all. Therefore, we conclude that the most rational surgical approach to a thalamic mass lesion is a biopsy, either open or stereotactic, to obtain a tissue diagnosis and rule out a nonneoplastic lesion. More extensive and possibly radical resection using computerassisted techniques should be considered for low-grade gliomas, but the value of this approach for anaplastic glioma awaits further evaluation in a prospective study.
Radiation Therapy. Several recent studies have addressed the possible benefits of RT in patients with thalamic mass lesions. 6, 7, 17, 21, [24] [25] [26] [27] 32, 35 Five-year survival rates of 20% to nearly 73% after RT have been reported. 7, 17, 21, [24] [25] [26] [27] 35 There is some evidence that tumors in children younger than 18 years of age respond better to RT than tumors in adults. [24] [25] [26] [27] However, the results of these studies are difficult to interpret because of insufficient histopathological data and/or clustering of tumor locations (thalamic with midbrain, third ventricular and hypothalamic tumors). Our results with conventional RT (Table 7) are generally similar to those in patients with high-grade gliomas, in which mean survival times after open or stereotactic biopsy and conventional RT were approximately 57 weeks 7 and 55 to 62 weeks, respectively.
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In our study, no clear differences in time to tumor progression or survival were found between 16 patients treated with hyperfractionated RT only, and those treated with conventional RT, with or without adjuvant chemotherapy. The late sequelae of either type of RT, which have been extensively described 3, 50 and were also noted in some of our patients, could not be attributed unequivocally to the treatment(s), as similar clinical symptoms and signs could well be associated with the tumor itself. Hyperfractionated RT did not appear to be more toxic than conventional RT, but because of the small sample size, we cannot determine if it was more effective.
Chemotherapy. No definitive conclusion about the usefulness of chemotherapy can be made based on the 20 patients in our study who initially received this treatment. Chemotherapy for recurrent malignant thalamic astrocytomas is feasible, but the responses are usually brief; median survival after the start of chemotherapy is only 25 weeks (range 5 to 133 weeks). The toxicity of chemotherapy in both settings seems acceptable. One previous report 44 found no definitive benefit from various forms of chemotherapy in four patients who did not respond to RT.
Assessment of Tumor Progression
Early after RT, there is a risk of both false-positive and false-negative diagnosis of tumor progression when the imaging results do not correspond to the findings of the neurological examination. 3, 16, 23, 36 Radiation-induced changes misdiagnosed as tumor progression (false-positive diagnosis) may occur in up to 20% of cases of brainstem gliomas, especially after hyperfractionated RT. 3 This may also have occurred in our series but cannot be confirmed because a tissue diagnosis was not obtained in these cases. The risk of a false-negative diagnosis also appears to be substantial: in five of 12 patients, changes in the results of the clinical examination or imaging studies 2 to 8 weeks after completion of RT proved to be early signs of tumor progression, rather than radiationinduced effects as first suspected. Both pitfalls may be circumvented to a great extent by the use of functional brain imaging techniques such as positron emission tomography (PET), 14, 20 dual-isotope, single-photon emission computerized tomography (SPECT) with 201 Tl and 99m Tc-HMPAO 42 or MR spectroscopy, 18 all of which reportedly help to differentiate between tumor progression and radiation necrosis.
Prognostic Variables
Statistical analysis to assess the importance of several prognostic variables in patients with thalamic astrocytomas has been done by one other group, 26 although the grouping of these lesions together with brainstem tumors by these authors makes interpretation of their findings less reliable. In a univariate analysis, they found age to be prognostically significant. In a multivariate analysis of thalamic and brainstem tumor combined, the total dose of radiation, race, duration of symptoms, and subtotal resection were prognostically important, whereas the primary site (thalamus vs. brainstem) was not. There were too few patients for statistical analysis of tumor histology. In our study, these factors either could not be assessed (race, because of missing data; subtotal resection, because of too few patients; total dose of radiation, because of standardized doses) or were not significant (duration of symptoms). The median survival time in our study group (73 weeks) is similar to or somewhat better than that in patients with brainstem gliomas treated with hyperfractionated RT. 16 Infiltrative astrocytomas of the thalamus, although supratentorial, may therefore be grouped with brainstem gliomas on the basis of biological behavior. One may perhaps conclude that the biological behavior of an infiltrative astrocytoma of the thalamus is "one grade more aggressive" than tumors of similar histology in other supratentorial sites. Whether this is mainly or exclusively the result of relative surgical inaccessibility may be demonstrated in the future when more experience with stereotactic resection has been accrued.
Conclusions and Future Directions
Our study confirms the dismal prognosis for patients with infiltrative astrocytomas of the thalamus; the median time to tumor progression was 47 weeks in our patients and the median survival was only 73 weeks. Unknown histology or more malignant tumor type and age over 18 years were prognostically unfavorable factors in the univariate analysis, and more extensive surgery (open biopsy) was prognostically favorable in both the univariate and the multivariate analysis. However, because of the retrospective nature of our study and the small numbers of patients in some subgroups, no strong conclusions or recommendations can be based on these findings. Hyperfractionated RT was not more toxic than conventional RT, but did not appear to increase time to tumor progression or duration of survival. Adjuvant chemotherapy after conventional RT did not have any beneficial effect. Treatment at the time of tumor progression may be worthwhile, but its benefits are usually short-lived.
In future studies, stereotactic, computer-assisted resection of thalamic astrocytomas should be evaluated. 32 Likewise, new dose fractionation schedules for conventional external RT, novel radiation techniques such as stereotactic radiosurgery with megavoltage x-radiation from a linear accelerator or with 60 Co gamma radiation, and application of three-dimensional treatment planning techniques using CT and MR data 46 merit further investigation. Hyperfractionated RT should be evaluated in a prospective, randomized study. These studies should also include radiobiological data about tumor dimensions, quantitative information about dose and fractionation schedules, and strict criteria for assessment of treatmentrelated complications. In this respect, functional brain imaging techniques (PET, dual-isotope SPECT, MR spectroscopy) should be included in these studies to differentiate between radiation-induced changes and tumor progression. Finally, recent experimental research, such as intralesional administration of immunotoxins 29 and in vivo gene transfer using retroviral vector to introduce tumor cell-specific vulnerability, 12 may hold promise for treating patients with these deep-seated lesions.
